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Proc~sB fer the preparation cf a flame=retardant epoxy 

~esin moulding material 

The invention relates to a process for the 

prftp~ration of a flae~retardant, fr0e=flowing, late,.ntly 

5 r@aative phenolically cu~able epoxy resin moulding 

mat~rial for the coating of c~onents in electronics. 

In the electronicus industry, filler~containing 

~ulding Wlt.erials ba111HHi on ~poxy reiuiinlill are used for 

~oating active and pas~ive componm;itge Exwoples of such 

10 appli~ation~ are the Cleating of mipacitors, diodes, 

tr~~istor~, .power emd.conductore, optocoupl~rs, memory 

@hipts Wld microprocessor~. Epoxy re~in moulding witerials 

whi~h arc suitable for thie pu.rpome must ~oet high 

requir~to with regard to th~ proce•&ing Wild moulding 

15 material propertieBe Thin relateo in parti~ular to the 

purity of the •oulding :material11. and the rheological 

b~viour and the curing properties during processing as 

t.rmAsfer moulding materials by ·the trm:u~fer moulding 

proee~~, and al~o the :mechanical and thernal properties 

.20 of the epoxy rofiin moulding materi&ltj rw.d the stW>le 

long~t.0rm protection of the components againBt aggr~ssive 

tm.viro:mlflental influmico~. Xn addition, the epoxy resin 

moulding :mat@riale mi~t meet t.he high requiremen.to in 

electronic~ with regard to flWIW~re~iatant behaviour and 

25 = in th@ conventicm&l international fla'!il!!mability test 

Q@cording to UL 94 ~ JJ1mst achieve the ela8sification v~o 

at 3 layer thickness of s 1.6 ~. 

Curing of epoxy resin moulding ~t@rials can be 

earried out using chemically d.if ferent curing components, 

30 for ~x~le using carboxylic m:W.ydrideg, aminee or 

ph~nolB. However, phenolieally curable epoxy resin 

tran~fer moulding mat~rials highly filled with silanised 

quart~ powder are usually u1Jed for coating electronic 

Cmtl!ponent~ by t.he trmusfer mouicU.:ng proeeBl8. 

35 Phenolieally aurahle epoxy resin transfer 
:moulding l!i!W.torial!B cont•in., · ·11~ a rule, 20 to 30'6 of 

org~ic ~~~bst8.nce~ and 10 to 80' of inorganic substanee6. 
The ehem.ical basi~ of the r~~in componento eons!stB in 
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~est case~ of cresol novolae epoxy resins. Phenol 

novolae~ are predominmltly used for curing t.he epoxy 

r~~in~~ th~ reaction is accelerated, for example, with 

triphenylphosphine., phenylphosph.onimn lborat(e and 2~etbyl~ 

s 4=m~thylimidazolo. To improve the low=etreBs behaviour, 

~ili~one=modif ied epoxy resin components are U9ed. The 

meiulding mat.@rials are rendered fl~@breta:r«hm.t with. 

aromatic brmdne compound11, in pa.rticular with 

tetralbromobisphenol A epoxy resins, which are 

10 incorporated ehmd.cally into thD epoxy resin moulding 

~t~rial during curing. In addition, anti~ny .trioxide 

aerve~ as a synergistic agent ruld increases the 

l!lf:fieim:u~y o:f the brmdnated fluwproofing agent. The 

flm!!le-retardam.t properties of the epoxy reBin llDOulding 

15 . :mmterialg are further supported by a high content of 

uilani~ed quart~ fillers; both splinter~like fillers and 

aixture~ of Bplinter-like and spherical fillers are u~ed. 

·Recently, synthetically produced a~radimtion~free quartz 

fillers have bee~ used to &void ~o~called ~oft error~ in 

20 highly integrated cireuitBJ e The high cont.ant of "ilanised 

~art~ filler also serve8 for iu;>roving the ~ehanieal 

and thermal properties of tho epoxy resin moulding 

~terial~§ in particular for adjusting the coefficient of 

expmuilion. 

25 The .oulding :materials &180 contain m:mll BmoUUltB 

of additivo9, in particular carbon black, and proce~sing 

a~~i~two.t~, such as st.earateB wa.d waxes. 

For the preparation of th~ phenolically curable 

opo:ry re~in transfer Roulding materials, the resin and 

30 curing component~ aro as a rul0 converted to a prerea~ted 

~tat~ (B otage) at temperatur@s up to about l20°C, in 

particular by kneading i~ a roll mill or by extru.oion, 

fo:r ~ampl~ by mew:us of a ~crew~type lla:u~e.dor, and are 

powderede !'or proefHJ~ing the_ ._trw:u~fer moulding mat.~rialii 

JS by the tr~sfer moulding proeeas, the DiOulding material 

powd@r i1J gcm.erally pelleted, mld if necessary the 

p~ll@t.~ ar0 preheated to 80 to 90°C. Coating of the 

eompoDtm.t~ is ef fe~ted in gcm.8r&l ~t mould t~eraturos 



of 170 to l90°C.wo,d at a presBur~ of 70 to 200 bar, the 

l!illloulding ~t@rial being cured in the mould in general for 

GO to 120 o. The component.~ ar~ them removed from the·" 

mould im.d are poet-cured, as a rule at tmaperature~ of 

5 170 to l90°C. 
'l'hG phenolically cm.rable @poxy re~in moulding 

JWltt~riale which have been rendered flame~retardant with 

br~iue~containing flameproofing agents and antimony 

trioxide and have outstanding flam~=~etardant properties 

10 have provod ~uccossful in the electronic indu~try. Owing 

to the poor onvironmental compatibility of th@ brc:mino.t.ed 

aronatic compounds, however, the oubotitution of such 

~poxy relliiin .oulding mAterials i• boing increa11d.ngly 

requir~d. The re1ut1ons for this are th&t the stated 

15 eoapounds rolease highly corrooive brmdnated gaoefi in 

t.he event of faults, i.e. in the evont of fir~ or 

~uldcr:lng, mid form poorly biodegradable bromin.ated 

decomposition products which are potentially highly 

toxieologieally Wld ecologically dll.ngercuo. Zn addition, 

20 epoxy re~in :moulding naterialn which contain brominated 

flmaeproofing agents aro unsuitable for r@cyeling if it 

ilfli intcmded to avoid a. further Bpread of hazardous 

produat.s.. Moreover, the dispoiuil of r.uch epoxy reain. 

moulding ~teriu.ls by burDing can be carried out: in 

25 futur@ only as ~pecial wa~te by technically complicated 

and economically Wl.lprofitable i~cineration processes~ 

owing to the increasing requirements for air pollution 

control. A disadvantage ef th~ use cf antimony trioxide 
i~ th@ f aet that thifi eompom>.d is on the list of car~ 

30 ~inogmlie hazardous Daterials. Although the danger is 

n~gligiblo in the caBe of permanently bound material~, 

ilil.ntimony trioxide relc::n:u~ed ~ in the for.m. of i:Wmlahle 

du~t = durin!l a fire or mwuldering or in recycling 

proc@sscs constitutes a high ri~k. 

35 It is tho object of the invention to provide a 

m@thod for the preparation of b~logtm.=free moulding 

~t:erial~ based on epoxy reBinlii, which m~et the. high 

r@quirm11fmt~ in electronieo with reg&rd to fl~e~ 
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ret~rdrult bftbaviour mld at the ~~e time meet the high 

requirmnent~ with regard to the proces~ing properties and 

the mouldiil.g materials propertiofS. In add:U:.ion, these 

:ilWUlding materialo should have ftlilVi:roW1F1mit1tlly compatible 

S prop@rtie~, ~hould be suit~le for recycling cw.d ehould­

be capW:>le of being diopo9ed of by environment=friendly 

incin~ration processes with en@rgy r~covory. 

Thi~ is acbi@v@d according to the invention when 

a prepolym~riir: epoxy rcud.n mixture free of isocy~ate 

:ll.O groups and having latent rcactivi ty iB preparod in powder 

fo~ from ll filler~aontaining, therJM.lly polymeriiiable 

reaction reBin mixture of poly~poxy ranin, c~rising a 
mixture of di~ and. polyf~ctional epoxy :ee~in.e, and 

polyiuocyl!IJllate rosin in a molar ratio of epoxy group8 to 

15. isoeyWlate groups of > 1 ~using sub~tituted. imida~ole as 

a r@a.ction accelerator in a concentration of 0.5 to 2.5~, 

ba~ed on polycpoxy resin - at reaction temperatures up to 

20Qi°C and if tho propolymeric epoxy resin mixtur~ ia 

mix~d with a pulverulent, fillor-eontaining phonol resin 

20 mixture in a. molar r11>tio of epoxy groups to phcmolie 

hydroxyl group8 of l : 0.4 to 1 : 1.1, optionally with 

the addition of additive6. 

In the proceos according to the i~vcm.tion, the 

prepol~eric epoxy rellin mixture cam be prep~rod in 

25 variou~ waye. ~n a fir~t variant, polyepo.xy re~in, i.e. 
di= and polyfu.nctional epoxy rftoins, and polyisocyanate 

r@~in Wild optionally additiveB ar0 heated to tempe~aturee 

of up to 100°C in a thermoBtatAble r:w.d evaeuable mixing 

~ontainer (a~ a preparation m:11d rellc.t.ion vel!uu~JI.) which ia 

30 o~ippcd, for mtml!lple,. with a high~tiipeed stirrer (with 

duplQX kneading blades) and permits continuous 

temp@ratur@ moasurml\ent, and are mixed with stirring wtld 

d~volatili.~ul!d. Filler and optiov.mlly further additive!l:J 

ar® introduced in portion~ into the r~action resin 

JS ~xtur~, m1d devolatilisation i~ then carri@d out with 

~tirring ~ 3t t~erature~ of up to ioo-c ~ for at leaBt 

l h. The rea~tion ~ccelerator i~ then metftr~d in 11nd the 

r~~etion r@~in mixture i~ d@vol~tilised while ~tirring. 



Th@ temperaturft of the :mixing container i~ then &djuBted 

t© 160 to l80°C. The reaction to giv@ the prepoly.meric 

epoxy re~in mixture i11 initiated, as a rule, il.t a 

temperature of l30°C in the re~in mixture. Depending on 

5 th~ chmidmil composi tio:n of the polyepoxy resin i!lnd 

polyi8ocyan~te resin and on th~ •olar ratio and depending 

on the type and concentration of accelerator, the 

rea~tion tt.m&perature may increaBc to 200°C for a ~hort 

tim@. 

10 The t~erature~ and timeemonitored reaction is 

te~n~ted whcm the prepolymerie epoxy resin mixtur~ is 

pre~ent.. 'l'e:odnation io effected by cooling the pre~ 

polp0ria epoxy resin mixture to tmnperatures below 50°C. 

'l"b~ intendod c_onversion of the epoxy groupB at the thle 

15 . of t@:ndnation of the reaction is tu~t.Abli~hod in pre~ 

liiminary experiments and dependg on the molar ratio of 

t.he epoxy_ and isocyanate groupu u~ed._Important criteria 

for the te:ndnation of the polymeriBation roaction are 

th~ ~lting range and the viscosity of the prepolyaeric 

20 ~poxy re~in mixture. It io shown by ZR gpeetroscopy that 

no further iooeyanato groupB aro present in tho prepoly= 

~eric epoxy re~in Mixture. 

Th@ prepolymeric epoxy reoin mixture which is 

obtained in the reaction de~eribed abovo, is free of 

25 i~o~yW:J.~te groups and bas latent reactivity is further~ 
~ore powdered, which ca». be effected by ~illing at room 

t~@ratur~ with an impact :mill. The pulv~rulent 0poxy 

r@~in mixture is then stored in th@ abBtw.c~ of :moisture. 

In a oecond variant = for tb0 preparation of a 

30 r@ll.'Sin component ~ polyepoxy resin Wld polyil'jocyanate 

r@~in a:u."~ mixed at temperatu:r@~ of up to 1CH>°C while 

~tirring in ~ thermostatahle and evacuable mJ.xing con~ 

t~in@r whi~h i.9 equipped, for e~le, with a helical 

JJtirr~r mid permitB continuous temperature aeaBuremmlt in 

35 th~ re~in mixture. Piller l!Wd optionally ~dditive~ are 

mix~d into thi~ resin mixture, aw.d devolatili5ation is 

them. carried out with stirring at a teaperatur~ of up .to 
lOO®C for at loast l he ~D A ~@cond mixing container e 



;;. 

for th@ preparation of an ~ccl'ler~tor component: - the 

r~~ction aceel0rator io dieeolved or di~p@rsod in one of 

th® rQ~in components intended for th~ fon1ul&tion or in 

~ portion thereof, with devolatiliB&tione Th~ two compo= 

5 nent~ ars then f~d to m otatic mixing tub@ by mean~ of 

:m@te~ing pmnp&, for ex1m1.ple by mcums of a heatable 

pe~istaltic pump or a gear pump, Wld the reaction resin 

~xture tmllerging from the mixing tube is metered into a 

continuou~ rea~tere 

A ~uitable reactor is pr0ferably B twin~screw 

cxtrudfir@ ~t is advw.1tageous if, in the @xtruder, the 

ratio o.f th~ fitCX"ew leDgtb to the outer 9crew diameter io 

20 to 50 and preferol>ly 25 to 40. :ten addition, the 

~xtruder io preferably designed so that the melt reoi~ 

15 . dQnee tim@ at ~crew speedB of > 10 min=1 is l@~s tblw. 5 

min., prefermbly less than 3 min, tW.d min.hmm axial back~ 

flow r~sult~ .. 

The ~trader to which amow:lt!li of resin of 20 to 

200 g/Wii.n are continuou•ly fed eentain9 conveying screw 

20 @lmamtt:t1 (Bcrew dianeter, for ~le, 31.8 nm, aerew 

lt'mgth 880 mil) and is equ.ipped with five the:am>~tatahle 

barr~l ~oneB which are heated, for ex~le, to 160 to 

180@C; th0 Berew spe0d is 15 to 30 :min=1• Thio gives a 

re~idence time in the reactor of less than 3 min for the 

25 conversion of the reaction resin mixture into the pre~ 

polymeri~ epoxy resin :md.xt.uree The extrudat.~ emerging 

f rc:mt th~ slot die is guided along a cooled slide rail and 

rllpidly cooled to tem.peraturc:u1 below SC °C, the epoxy 
r~~inmixtur~ 9olidifying to tape~like continuouB strips. 

30 Tht\~e 9triplli are drawn on a t.wu~~of:f belt under a 

co\W.tGr-roll~r and thus coarsely c~inuted. The precom~ 

m.inut~d product is milled to the desir~d particle si~e in 

wo. impact mill. The :free~flowing, prepolYlQlleric epoxy 

rG~in mixtur@ which is prepared in thi~ :mmmer, bas a 

35 long sb@l:f life, is ~olubl@ or ean be melted and bas 

latm:lt re~ctivity is stored in tho abB~ce of ~istur@. 

~n a third vari~t, the preparation of the resin 

~©®i!lponw:lt iB carried out as in the second c~~e. For the 



pr~paration of the accelerator component, thG reaction 

~cc~l~rator is thoroughly mixed with a portion of the 

fill~r intcnd0d for the formulation. The two cmitponents 

ar@ t.he.n mfttered into a twin~Bcrew extruder, for exo.mple 

5 by m@ans o:f ~ peri~taltic pt:rmp or a twin~screw powder 

met0ring appar&tus. In contrast to the s~eond variant, 

h~rQ the ~crews in the mixing ~on~ of the extruder, which 

io adj~c~nt to the feed ~one, are provid~d with conveying 

kn0ading @l@ment~; the temperature in tho mixing ~one is 

10 up to 100°C. 'l'he further structur~ of the extruder and 

the proct:ujsing conditio.no eorrcuipond oub11tantially tc 

V&@,ri~t. 2 .. 

In a fourth variant,· & freeeflowing, insoluble 

reaction resin powder which ha~ a long ~helf life and is 

15 frtic of i~ocyanate groups io fir~t prepared. This reaa~ 

t:lon rel'Jin powder is then converted into tho prftpelymeric 

epoxy regin mixture with the aid of a continuous reactore 

Foll:' t.h~ preparation of the reactio:!!.l. re~:in powder, an 

acc@lerator~containing reaction resin mxturo is prepared · 

20 in ~ m.ixing container aa in the first case .. The tmlllpora­
tur@ of the mixing container is then adjusted to 160 to 

180 6 Cs "l'h@ conversion of the reaction resin mixtur@ into 

th@ inBoluble reaction resin powd.~r free of isocyanate 

groupu i~ ~arried out, an a rule, at reaction tempera~ 

25 tur~~ of 130°C or higher, in tho cour~@ of a few minutes, 
~ free~flowing product being fo~gd in the mixing 

eont.ain0r 118 a result of Btir:ring. To teniainat~ the 

r@a~t.ion, the temperature of th~ mixing cont.ai::u~r iu 

r3.pidly reduced by meantB of & eooling t.l\:u~rmostat, and the 

30 rea~tion r@ein powder is brought to temperature~ of 50°C 

while fftirring.. The intended conv@rsion of the epoxy 

groupB at the time of te~n&tion of the reaetio~ was 

d@te~ined in preliminary experim~ntg. It i~ ghown by ~R 

8p~etros~opy that no furth~r isoeyanate groups are 

35 pr~~ent: i:n the rcHi.c:tion ro~in powder. Tlu~ insoluble 

rea@tion resin powder obtained in thi~ ~er and free of 

i~oeymi~t~ groups cam. be storod over a r~latively long 

t,ime, dep"nding on requiremont.B, mld them converted into 



t.he prepolp!leric epoxy reoin mixture in a ~ontinuous 

r~~~ tor tmdor condi tion11 eomp~rahle t.o thcu;u11 in t'..he 

llt~~ond catui~. 

Zn the process according to the invention, the 

S pr~poly.meric epoxy reoin mixturo iB cured with a 

filler=eo»t~ining pulverulent phenol r@~in mixture. For 

th@ preparatioD of thi~ phenol re~in mixture, for 

~~DmPl~, the ~xing contAiner d@~cribed W;}ove is 

~uitable. A phenol resin or a mixture of phenol resins is 

10 :melt@d 1m.d is heated to tm1lper~turoo of up to 160°C while 

~tirring. '!'he filler ie then mixed in portion~ into the 

phm».ol reein, · and the mixture i11 dovolatili111ed while 

ot.irring. Thereafter, the phenol resin mixturo is cooled 

to room t-.peraturo, milled with Wi:1. impac:lit mill and 

15 ~tared at room temperature in the MDm:r.ce of moisture. 

Por the preparation of the flm1t@~rotard1W.t, free­

flowing, phenolieally curW:Jl~ epoxy roBin moulding 

~terial having latent reactivity, the pulverulent 

prepolymeri~ epoxy resin aixture and tho pulverulent 

2 O plu~nol re~iX\ mixture are mixed ·in a molar ratio of 

phonolic hydroxyl groups to epoxy group~ of 0.4 to l.l; 

pr@fcr&bly, the molar ratio is 0.6 to 1.0. Xf nece~~ary, 

this ~y be effected with the addition of additives. For 

~xma&ple, a frustum mixer having a helical atirrer eAn be 

25 ug@d for ~xing of the eompontmt~, which i~ carried out 

at roo:!!ll temperature. The mixing of t.he components c&m. 

advantageously aleo be carried out iD a twin=screw 

e~tru.der which - as described Above ~ ha~ cmlllveying 

blQading elements in addition to conveying ~crew 

30 eleme~tu, for e~ple at t~eratures of 90 to 95°C. The 

~trudate i~ then cooled and powderode The free~flowing 

epoxy ref!lin moulding material obtained in the mm-mer 

d~f:icrib0d io gt.ored at room ttmpera.ture in th@ abs~ctl of 

mei8t.u:re. 
The coa.ti:11g of electronic camponel!lts with the 

@poxy resin BOulding material ac~ording to the invention 

i~ c~rri~d out, a~ a rule, a~ follmim. The froe-flowi~g 
~po::qr re8in moulding 11mte:rial illJ pelleti~~d at room 



tftBP6r~turft, Wld the pellets aro h~at@d to t~eratures 
of up to 100°C by a high~freqm!ney heating morw.s. The 
@leetronic components are coated with the he&ted moulding 
:!!!lmt@rial by thft tran~f er moulding proce~~ at :mould 

5 tm1P~rAtur~~ of 170 to 190°C and a preo~uro of 70 to 200 

bAr, and th@ :!!!loulding material i~ thtm. cured in the mould 
for 60 tQ 120 8. Thereafter, the componmll.t~ ar@ rfmloved 
from the mould mld optionally po~t~curing of the coating 
i~ carried out at t~ftrature~ up to 200°C. As am. alter~ 

10 nativ~ to pelletieing and preheating by ~ high~frequmicy 

ll:u~a ting aem.:ui, the pul vexul.w.lt 8poxy reg in moulding 
mat~ri~l cm::t be compacted in ~ plaoticator at tmilp~rft= 

tur~~ of up ~o 100°C. The production of toot specim.~n~, 

~u~h ag sheet~ Wld rod~, for the d@t~:r.mination of lll!IOUld~ 
15 ing ~t~rial properties of the ph~Dolieally cur~d epoxy 

ro~in moulding material i~ al~o carri~d out under the 
~&mo tomperu.tur~ 1md moulding eondi tion~ a~ for the 

coating of components. 
A reaction re~in mizture of.poly~poxy re8in and 

20 polyi~oay~te reBin i~ u~ed in th~ proc~ss according to 

th~ invention, the polyepoxy re~iD being a mixture of di­
and polyfw:u:itiol!.Ull epoxy resinfi. The molar ratio of poly~ 

functional to difunctional opo:xy ro~in ig 0.1 to 1.7 and 

prt11fer.Wly ·0 .. 2 to 0.75, based on th~ Gpoxy groups. The 
25 ~olar ratio of the epoxy group~ to th@ isocyanate groups 

(iD the roaction ~esin mixture) i~ > 1 and preferably 1.5 

to 4.0 .. 

Xn the process according to th~ invention, 
~uit.@blc epoxy resins, which ~re part of the polyepoxy 

30 ~~~in mixture, are preferably bi~phenol A and bisph~nol 

F epoxy r@f:lins as well ae phonol novolac t'md crcH~o:n. 

novolac ~poxy resin& or silicmn~ epoxy resinB, t.ri= 
gly~idyl i~o~yanurate, tetraglycidyldiaminodiphenyl= 
methw:i.e andpolyglycidylphoopho:ru~ r@Bine. In particular, 

35 ~ompotw.d~ h~ving the following 9t:ructure serve as 
~ilieone @pox:y resins: 



n io 

x i~ 

R g 

5 QB 

= 10 = 

an .;int.~ger from 0 to 25, 

an int@ger from O to 3, 

alkyl er aeyl and 

~(CB2 ) 3SiR20(SiR20)~SiR2R', 
in which n and R have the Wbovmmmtioned meaning l!W.d 

R' i& an epoxy fmictional radical having 6 carbon 

at~ .. 

The content of oilicone epoxy re9in io up to 20%, 
10 prefer~ly 1 to ,,,. based in each caG@ on the filler~free 

reaction reoin :mixture comprising polyepoxy tm.d poly~ 

i~oey~t~ re~ins 

:I~om~r mixture11 of diioocyw:latodiphmlybcetluw.e 
aro preferililily used as the polyisocyana.te resin. Eowev~r, 

15 for example, ismiler mixtures o:f .tolu.ylene diisocyaw.ate 

and prepolymeJ:~ of ifilamer :mixture~ of dii1mcyu:w.to~ 

diphenylm.othmle are alfSo suit~le@ Mixture~ of the st~ted 

polyi~ocyan~t0 resin~ may alBo b@ usod. 

Subetituted imida~ole~ arQ used a~ ~eaction 

20 accel@rator~ i~ the proceaB a~cerding to the invention. 

2 ~l:thy_l =4 ~methylimidazole, 2 ~phenylimdm2mle and l ~ cy1U10~ 

~thyl~2~pheDylimidazole ~re pr@formbly used. Further 

fmitable r@aetion acceleratc:r.llil are, for ~le, 1.,2~ 

dimethylimida~ole, l~cyanoethyl=2~methylimida~ole, 

25 2~i~opropylimidla.~ole mld l~ben~yl~2~phenylimid~~ole. The 

content of reaction accelerator is 0.5 to 2.S,, preferc 
W;)ly 1.0 to 1.8,, based on polycpoxy r@~in, i.e. on the 

mixture of the di= and polyfunetionml epoxy rDsins. 
~~ particular, ph~~ol l!W.d cre~ol novol~c reoin~, 

3 il> i~di vidually or ao mixture1uii, are oui ta.bl@ af;!I a phenol 

r~~i~. Th~ phenol re~in ~xtur8~ can ~l~o contain 



p:r@polym~:r#'1J of novolac rfH,iinB W!ld Jiidlicone eltu1t.omer9 
(~ilicone=modified phenol resins) or can be mixture~ of 
phonol re~ins and phosphine oxid~se 

Suitable fillers are in particular mineral 
5 fillerB·, ~u~h as q-ua:rt.~ in th@ form o:f gplint~r1:1 and/or 

~ph~ri~al parti~les (different particle ~i~~ distribu~ 
tio~) /1 pr@f ~n:ably having a particle illiizo of ~ 100 µa. 

C~rmidc fillers, such as &lIDlllina, and mixture~ of cer~c 
filler~ and mineral fillers may al~o he used. Fibrous 

10 filler~, BU@h as short glass fibre~, are alee suitablee 
To reduce tool wear in the preparation and mould 

w~ar in the processing and to improve the mould releaBe 
p:ropertie~, small amounts of additive~ mny be added to 
the ~poxy reoin moulding ~terial. Glyceryl monootearate 

15 which eW!l b~ chemically inco~o:r~t.ed Wtld wuxeB, such as 
carnauba w~11 micronised polyethylene, polyrmdde and 
polytetrafluoroethylene are preferably ouitable for thio 
purpo~e. Th@ additiveB are added to th~ reaction reain 
mixture cc.mapr.ieing polyepo:xy r~sin o.nd polyieocyanate 

20 xe~in (in the preparation of th@ pr0polymeric ~poxy re~in 
~xtur~) and/or to the phenol reein mixture or ~ as in 
the c&UJ@ of m.icronised t.hermopla~t.ico are admixed 
during mixing of th~ prepolyaeri~ epoxy r~uin mixture 
with the phenol resin mixture@ Sph@rie&l quart~ fill@rs 

25 ~Y aloe ~erve for reducing "tmar. 
A p~ocess for the preparation of flwne~retardant 

@l)Oxy resin aoulding~t@rials according to th@ invention 
hA~ not be~n described to date. Bowover, it is known that 
moulding materials co.prising polyepoxy re~ins and poly= 

30 i~ocyanAt~ reBin8 can be cured u~ing r~action accelera~ 
tor~e For thio purpose, the :1Wulding )!!W.tcrial~ are mixed 
in a roll mill, for mc:ample at temperatur~e of 80°C, and 
eur@d ~t t~eratu:reg up to l80°C dir~ctly to give 
moulding :material~ (cf.: Japrw.eoe Publiohed Application 

35 50=~594~9 ~nd Japwo.ese Published ApplicAtion 51~128400) • 
Furthermore, thermally self =curing eaoting resin 

mixturG~ compriging polyepoxy re~in~ ~d polyi~ocya.Date 
r@filin~ are moWl!l (cf.: Buropew::. P~t~nt. Bpeeifieation 
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~,12~,787 im.d Europe~ Patent 8p~cifieation 0,130,454). 

Der~ too, t.he H.im is to prepare th@ cured moulding 

~t~rial directly frcma the r~action rosin •ixtures 

cmmpri~ing polyepoxy resin and polyisocymJ.ato resin. 

~n the firgt case (European Patent 9pe~ification 

O, 129., 787) , a proeesB :for the preparation ef moulding 

:m.at@ri~l~ for insulated components from rapidly euring 

r~~etion r0!!flin8 which can be proc~1\usod by a method 

w::Lalogoua to inje~tion moulding, liquid iid.xtur~e (having 

10 ~ vi~cosity of up to 7,000 :mPa.o at 25°C) of @ssentially 

oxtl!.~olidino:!l:u~~ free polyepoxide~. and of polyifjoc::yanates 

(EP~IC rosin~) ~ in a batch molar ratio of epoxy groups 

to i~ocyanatc groupe of 1 to 5 = 3r@ eroe6linked by motw.s 

of t@rtiary md.neo or imida~ole~ a~ curing catalysts at 

:n.5 g@lling tcmap@ratures of > 130 to l.S0°C und.@r a preBoure 

of between l and 10 b~r and are po~t~cured ~t tempera= 

ture~ of 150 to 200°C (with fo~tion of r~action re~in 

:moulding ~tori&l~ containing oxa~olidinon~ and i~ocyan~ 

urate rings, so~callod OX/lCR moulding material~), the 

20 r~metion conditionn being chofjen 150 that ~re thmi .90% of 

th@ epoxy lm.d isocyanate group~ are conv~rted IW.d that 

the molar ratio of the oxazolidinone m>.d isoey1W.urate 

ring~ (OX : ~CR) in the :moulding ~tcri&l is more than le 

In the ~econd ca~o (Burop@om P~tent specif icatio~ 

25 0.,130,454), a proceso for the preparation of :reaction 

r~Bin :moulding ~terialB (OX/XCR moulding ~terials) 

eontaining oxazolidinonc (OX) and isocy~urato ring9 

(ICR}, in wlll.i~h mixtureo of 01numtially OX~:frce poly~ 

epoxid~~ wtld of polyisocyanates (EP/IC resin~) ar~ gelled 

30 in th~ presence of a curing catalyst ftt t~cratures of 

up to 130°C ~d thmi po~t~cured until :mor0 tbrw. 90' of 

th@ @poxy and isocyanate groups ar@ converted, Bolvent~ 

f:rfu~, liquid mixtures of polycpoxide~ and polyisocyanates 

Ui~ving a vi~eo.sity of up to 7, 000 mPa.s: at 25@C) e,re 

35 u~ed in a b~teh molar ratio of epoxy groups to iBoeyait1at@ 

group~ of 1 to 5, tertiary lmlinee er imida~ole~ ~re uBed 

a~ eatalyot~ and the re~etion @ondition~ are chosen so 

tlmt th~ nol~~ ratio of ox~zo1idino~e w:>.d i~ocyanurate 



ring~ (OX : ICR) in the Boulding mat~rial iB between l 

l!W.d 5.7, i.~. i~ > 1. 

'l'he proc~ss iu.mording to the invention differs 
from the proee9ses des~ribed above both in the aim and in 

5 th~ pro~odur~. This ia because the intention i~ to not 

pr~pare ~111red moulding :material~ but prepolymeric epoxy 

re~in mixtures which can b~ ~ltod, have l~tent 

r~~Cltivity, are ~u~ed with phenol r0~in mixture~ = with 
~h~ping by the transfer moulding proc0Bg ~ to give flame-

10 r~tardaw.t :moulding matorials wtd = without the ul8e of 

halog~n=containing flmueproofing agent~· &nd antimony 

trioxide ~ mcH~t the UL 94 v~o flmne resi~tmlco ru.ting 

d~d~d by the electronicB indu~try at a layer thickness 

of lo6 :mme 
l.5_ WO 90/:15089 disclo~mB that epoxy~term.x.uitf}d poly= 

oxa~olid.inones (referred to there 8imply as 
polyoxA~olidoneo) mm be prepArod by reacting a polyepoxy 

compound with a polyisocywiate · compound a.t elevatod 
tmrmperaturo in the prc:H~tmCO of 3 catalyst e Por this 

20 purpo~e, 5 to 30% by weight of th0 polyieocy&mato com~ 
pimm.d arti added i:n the couroo of 3 0 to 9 0 min to a 

mixture of 70 to 9511; by weight of the polyepoxy compou..ud 

and OsOl to 2% by weight of the catalyBt, m1d the reac= 

tion mixture obtained i~ th~n heated to a tcmporatur0 of 
25 110 to 200°C for the dur~tion of 5 to 180 minG By regula~ 

tio~ of variou6 process parm!!letor~, the proce~~ is 
carri0d out in Buch & way that, in the re~ulting epoxy~ 

t@rminated polyoxazolidinone, which i~ al~o r~ferred to 

a~ iBocya:w.ate=modif ied epo:xy r~~in, 50 to 100'6 of the 

30 original i~ocy~ate groups ar@ convertod into oxa~olidin~ 

on@ ringe Wld 0 to 50% into i9ocyw:lur~te ring~. 
Th@ polyepoxy compound used in the k.no~"l!l procesfi 

i~ preferably bispbenel A or tetrabromobisphenol A, and 

the pelyi~oeyw:mte campo'Wld i~ 4,4'~methylen.Wis(phcmyl 
35 i~ocymAat~) {MDI) or ~ isomer theroof, polymeric MIDI or 

toluyl.-m~ diillJocyanate. A suito.bl@ catalyot (for the 
r~a~tion of polyepoxy eompmmd and t.hft polyigocyanate 

compo'Wld) i~ ~~p~cially A~ imida~olo compound or totra= 



phenylpho~phonium bromide; th@ ~&taly~t concentration is 

prftferably 0.02 to 1' by weight, in particular 0.02 to 

O.l\ by weight, based on tho total w~ight of polyepoxy 

ccmnpotm.d and polyisocyanat~ compound. 

For the preparation of the polyoxa~olidinones, 

th@ c~t&ly~t, optionally dissolved in a suitabl~ ~olv@nt, 

i~ added to the polyepoxy compound, in general at a 

t~~rature below the reaction tmnp~r~turo of 110 to 

20~®C. Th@ temperature is t.h@n incrc~sQd to th~ reaction 

10 t~~rature Wild kept there while the polyi6ocyanate 

@ompouud ifi added in a controlled mmm.er, i.e. dropwis~. 

A ~:bdlar procedure iB adopted in a procel!jB, 

di~closed in KP 0 296 450 Al, for the preparation of oli~ 

gmill.~ric polyepoxides containing oxa~olidinone groups 

15. (r@ferred to there in oimplific::d forn ao oxa~ol.idone 

group~) from bioepoxide~ and dii~ocyW!late~. ~n this 

proc@11:uJ ~ at 140 to 180 °C in the prtHu11nco of a phos~ 

phonium Balt a~ a· cataly~t ~ either bi~opoxyQth~r~ having 

OB groups cmrrespo:ndi:ng to a:m. OH numbQr of at loa1:1t 2 are 

20 r~acted with aromatic dii8ocyanato~ which have two NCO 

group~ of diff~rent reactivitieo in wo. maount: of at least. 

1/4 of th~ weight of the diioocy&mate, or bi~epoxyesterB 

having OK groups correl!lponding to an OE nllmber of at 

lea~t 2 are reacted with aromatic, aliphatic or 

25 ~ycloaliphatic diisocyW'1Ate8 in a ratio of NCO group~ to 

@poxy group~ of l : 1.4 to 1 : 2.5. 'J!.'h~ c~talyot is used 

in an ~unt of 0.005 to 1.0~ by w@ight, preferably 0.01 

to 0.5% by weight, based on hisep@xid~. 

ThQ essential feature of thi~ pro@eB~ i~ that the 

30 ox®~olidinone epoxy resins are ohtain0d only when epoxy 

r~1d.:n~ containing OB groups a.re rea~ted tog~ther with 

dii~oeyanAtQ~ eontaining NCO group~ ef different r0ac~ 

t.iv:U:.i~s = 'Wlder ca.talysio by phosphonium ~alts ~ at 

obout 160°C. For th~ preparation of the polyepoxides, t.he 

35 bi~®poxy r~~in is heated together with the eataly~t under 

nitrogen to 160°C. The dii~ocyanate i~ them added drop~ 

wi~@ to th~ m~lt at a rate Buch that a tmnp~ratur~ of 

Mout 170@C i,,. maintained.. After the addition of the 



total amount of diisocya.nat.e, !!Jt.irring iB continued at 

160@C until the calculated epoxide valu@ hao be0n rea~hed 

~nd r~a~tiv~ NCO is no longer det0ctable. 

The preparation described in thft t'Wo publications 

s m~ntion@d0 cf epoxy~term.inated polyoxa*olidinones or of 

polyepoxidel[ll co:tl).taining oxa~olidinone groups, differs 

fund~.mentally from the process according to the invention 

for t.h0 preparation of a prepoly.eric epoxy resin mixture 

hav:b:~g lat~nt rflaet.ivity, both in t.he procedure for the 

10 pr@paration of the accelerater=containing reaction resin 

mixture (ccmpri~ing polyepoxy reHinB a.nd polyi~oeya.nate 

re~i:ii:u~) and in the ecmposition of the reaction re~in 

mixtur@. Thu~, in tho prior art, a~ dioelosed in 

particular in the Xx~leB, low catalyst conc~ntrationB 

15. arc u~od, nm!llely 0 .. 01 to 0.35fas (WO 90/15089) or 0.1% 

(RP 0 296 450 Al), based in each ea9e onpolyepoxide. Por 

the preparation of the reactive, curable propol~eric 

epoxy reoin mixture, however, ~ubstantially higher 

~mlts of catalyst are required.. In the process aeeord~ 

20 ing to th@ invention, the catalyst conctm.tration is 

therefore 0.5 to 2.5%, preferably 1.0 to le&,, based on 

th@ mixture of the di~ m:ld polyfunctional epoxy resin~. 

These high catalyat con@entration~ are required so that 

th® prepcl~eric epo.xy reoin · xixture h~.:ving latmit 

25 r@activity CAD be cured in an industrially relevant time 

without 8ub6eqitent acceleration ~ which i~ expen.~ive in 

th@ @Q~e of filler-containing ~yst~. 

Dowftver, the use of ~uch large ruiwunt~ of eata~ 

ly~t~ ie pos~ible only if the proce~B aceording to the 

30 i~:v@ntion i~ used, a complet~ reaction resin mixture 

ecmpriidng a mixture of di~ cw.d polyfm:u::tional epoxy 

r@~in~, polyi~ocyanate resin and filler being prepared 

u~i~g ~d~zoles of the otated art at temperatures of up 

to l00°C a:w.d the prepolymerie epoxy re~in mixture having 

35 latent reactivity being prepar@d with t.hil!j mxt:ure at 

reaction temperatures up to 200®C. However, it ha~ been 

foUDd that, at ~uch a high e~t~lyst eoncentrAtion, it i9 

~o~~ible to heat the epoxy ro~in mixture according to 



th~ inv@ntion to temperatures up to l70®C = corresponding 

to th@ prior art ~ to add the reaction ~ceelerator and to 

met@r in the polyisoeyanate re~in, ~ince g@lled or cured 

produ.cte ~r@ fo:rmed in this manner, but no soluble, 

5 fu~ibl0 pr~polymeric epoxy reein mixtures having latent 

r~~etivity ~re obtained. 

The ~o~osi tion of the reaction re1d.n mixture 

(comprising polyepoxy resin and polyi~ocyanate resin) in 

th@ pro~ess according to the invention also dif fcrs 

10 radim1lly from that of the react.ion resin mixtures 

di~~lo~ed in the prior art (WO 90/15089 or EP O 296 450 

Al). Thi~ i~ beaauee, fir9t, the r~a~tion resin mixture 

according to the invention are mxturos which have a high 

fill~r content and, owing to their high vineo~ity, aro ~~ 

15 a rul@ ~olid at romm tmuperatur~ Wld for the proparation 

and :lb4ndling of which eonditionB which differ from those 

for reaction rtisin mixtures without filler are required. 

S@eoruily, mixtureo of di~ and polyfunetional epoxy 

re~inl!i, for exm!!pl@ of biophenol A epoxy rerJins with 

20 tetrafunetional epoxy re~in~, ~uah ae tetraglycidyl~ 

diL~inodiphcmyl.met.hane and liiilieono epoxy rcfjins, are 

u~od for th@ preparation of the~e reaction reoin mixtureB 

having a high filler content. Bowev~r, ~uch :mixtures are 

not mmm. from the prior art .. ::tn addition, n@ithor the 

25 particularly ~uit6.ble reaction aceeler&tor l=eyanoethyl~ 

2=phenylimida~ole nor t.he 8ilieone epoxy resi~~ ~ which 

w@r@ i:mport~t for th~ proeo~sing propertioo = m:Ld tetra~ 

glycidyldiw:d.nodiphenyl.methane ~ which i1J pill,rtieularly 

~uitable for increasing the gla~s tran~ition t~erature 

30 = ar~ mmition@d there. 

~t w&s completely surpriBing w:i.d also 'i!W.foreBe®= 

~l~ for a person skilled in the art that, in the procee9 

am:~erding to the invention for th@ prftparation of the 

prepolymerie epoxy resin mixture, the UB~ of poly~ 

35 fun@tional ~poxy resin~, such aB tetr&glycidyldimd.no~ 

dipbenylmethane aDd the ~tated oilieone epoxy reoins, rw.d 

th® UD@ of high ae~eler&tor eone@ntration~ do not lead to 

curin!J, i ~ @ e chemd.eal croosli:nking, of th~ ro~et.ion r~u.d.n 



mixtu:'!!'."~ com.pri~ing polyepoxy r@~in and. p@lyiBocyanate 
r@~in = even at. reu~ct.ion tempcu:atureo up to 200@c = .but 
in~t@ad 3 prepelymeric epoxy regin %mlixture which has a 
long ~helf life, is soluble o~ can be ~elt0d, ha9 latent 
r~act.ivit.y 

~mJblfj@qtll.ent 

It 

11md «:!ml be very readily eux-ed 

acceleration ~ is obtain~d. 

without 

was also found that both the prepolym.eric 
~poxy re~in mixture and the phruloliemlly curable epoxy 
r~9in moulding material prop~red therewith have an 

10 out.~t.Wlding fo~ulation po1uHH1sing lat.cm.t. r@activity1 
furth~::oimor~,· as will be shown 8UJbs~qium.t.ly (cf. Table 4), 
th~y have m very good shelf life.. The fact tha.t. the 
form.ulation of the phcnolically curable epoxy ro~in 

~ulding material,. which formulation po1HJEUHH~B latE>..nt 
15 reactivity, can be adjust~d in a controlled mmmer with 

regard to th~ intended us~ via the concentration - mid 
algo via the type ~ of th@ reaction accol~rator (in the 
rea~tion reljin mixture ea.prising polyepoxy and poly~ 
i~ocyauiate r~sin) without the shelf life b~ing limited a~ 

20 a r~~ult i~ ~l~o particularly adv1mtagoou~ (cf® in this 
re~p®ct alDo T&ble 5). No mq>en~ive nuh~equent accelera~ 
tion i~ therefore required for increa~ing the reactivity 
of th~ ~poxy resin :moulding nw.t@rial. The formulation of 
the ph~oli~ally ~urahle epoxy re~in moulding :material, 

25 whi@h fonmulation poo"o~~eo l~tcm.t reactivity, can 
3dditionally be varied via th~ mol3r ratio of the 
ph~nolic hydroxyl groups to the epoxy group~ (cf. TWble 
G) • 

A further way of ~djusting the roa~tivity of the 
30 phcm.olieally curable epoxy resin moulding matorial is to 

u~@.. a~ a curing cmimponent, a phenol resin mixture 
cont~ining a reaction accelerator. Thie :make~ it po~sihle 
t.e pr@par~ ~ very rapidly curing epoxy re~i:i:ll. moulding 
mtlt@~ial without the shelf life being adver~ely affected 

35 ~~ a re.!lm.lt.. A eubetituted imiwumle,. Buch AS 

l~~y~oethyl~2~phenylimida~ole im.d 2=phenylimida~ole or 
triph@nylpho~phine preferably ~~rve~ ~~ ~uch a reaction 
~~@~ler~tore The @ontent of th~ roa@tion ~ccclorator in 



th~ phenol reein mixture is 0.5 to l.5 %, preferably 0.8 

to l.2 t, b&sed on the phenol re~in. 

Th~ flammability test according to UL 94 ~hows 

that the mouldings produced from the epoxy resin moul~ing 
5 material according to the invention achiev0 th~ classifi= 

~atien V=O at a layer thicknes~ of ~ 1.6 :mil, sai~ cla8si~ 

fi~ation h@ing required by the electronic~ industry. Thi& 

i~ ~u~ri~ing because epexy re~in moulding~ produc~d on 
th~ basi~ of cresol novolac epoxy rell!ins and phenol 

10 r~~in~ ca~ curing agents) and containing th~ filler 

qua:r:t:ll: in the same conceDtration ao the epoxy resin 
moulding· :1U.t@rial according to the invention do not 

achieve mlY classification according to UL 94 v~o at. 
l. 6 mm layer thicknftlj8 without the uso of bromina ted 

15 flm!!eproofing agm::tt9 aw.d antimony trioxide, m>.d i,n9tead 

the te~t ~pocimmis undergo complete combu~tion. 
The UIH't of oilicon@ epoxy roll.in~ proves to bG 

particularly advantageous in th~ proce~s according to the 
inv~tion, both for the preparation ~d proces~ing of the 

20 phQnolically curable epoxy re~in moulding material and 
for th~ proportie.s of the moulding. Thuo, in th@ prepare.~ 

tion of tho prepol~oric epoxy resin mixt:u.re, gc:mtle 

:milling during pulverisation is made po~~ible and, in the 
preco~~ing of th@ epoxy rosin .oulding ma.t@rial, the flow 

2 5 b@lw.vi our during ohaping and th~ mould reltiUUllCll propertiee 
f}f the cmat.ed electronic ~omponento are improved. For 
mtmflple, t.h~ opiral flow length, whi~h i9 a measure of 
th@ flmm.bility of transfer moulding -terials uw.der 
pr~~~ur~ ~d at high temperature, i~ sub~tantially 

30 ililproved and inerea.11ed by up to 20 % by the use of the 

~ilicon~ epoxy resins. Purthe:r:more, the adhesive proper= 
t.ifl!~ ro:f the phenolically curu.blfl epoxy rel![lilll moulding 
~t@rial Cim. be adapted to dif fer~ut ~ubstratc~ via the 
ch@mi~31 c~oei tion and th@ conttmt. of t.h0 ~ilicone 

35 @poxy rtH!Sin~. Tb.is i~ particularly import.ant for t.h.e 
adh~~ion to the leadfram~s of the electronic cempenent~, 
whi@h leadfr~e~ are compo~ed of alloy~. In the 
flawmnbility test of th~ epoxy r~eiu moulding~ according 
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t,o UL 9~" it ii§ found that evon ~ll added amo'Wl.1ts of 

~ilicone epoxy rtu~in improve th@ flame=r@tardaw.t 

b@haviour. 
Epoxy reBin mouldingB whi@h a~e to be suitable 

-~ f©r covering and coating electronic component~ must have 

®X@ellent. mechanic:al and the~l properties and, even 

~d~r extrmne test conditicm.sw &uch a9 the:am,l cycling 

with 1000 temperature cycle~ of ~65 to 150°C, :!rmlst not 

eau~® any :mechanical/thermal stres~ which leade to 

10 failure of co:mponen~o. The st.roBe behaviour of the @poxy 

r@~in :mouldings is influe».cod in partieular by the glass 

trml.Bition temperature, th~ coof:ficient. of linear th~rmal 

~an~ion and the modulus of el&Bti@it.y. l'.t. has been 

found th.At the epoxy resin moulding materialfi according 

15 to th0 invent.ion result in meell:wnieal mid the~l 

propertie~ of the mouldings which meet the requirm!D.cm.to 

for the coating of electronic component~ (cf~ Tables 1 

m:Ad 8) • The fact that :m.ixturtu1 of· di~ 11.nd polyf\W.ctional 

@l>OXl' re~ins are used for the prepar&tion of the ~poxy 

20 x~oin mixtures proved to be particularly advantageou~. 

Thi~ i~ because the9e mixtur~~ na.ke it pos8ible 

~Ub~tru"Atially to increase th~ gla~~ trrm.oition tempera~ 

t.ur® ef th~ epoxy resin mould:b1g~ without the moduluo of 

olaoticity WJ.d the coefficient of linear mq>ml~ion being 

25 ·3dver9ely affected. Thus, as will be gbown oub~equc:mtly 

(e.f. Table 1), glass trAD~ition t~erature~ of> 150°C 

ar~ achieved in t.he case of t.he epoxy re~in mouldingo 

~@cording to t~e inventione Xf, on tb.e other hand, 

~x@lusively difunetional epoxy r~~in~ are used, thie is 

30 not pos~ible. In this ease, only glas~ tran~ition tma= 

p~r~turcu; in the range of 135 to 140°C are in fact 

obt.mincd. 

Evon when the proce~~ing conditions of the epoxy 

r~~in :moulding :material according to the invention and 

35 impo~t.ant propertieB of the moulding are compared with a 

~ulding material or a moulding according to the prior 

~rt, it i~ found that the demw1ding requirem@nts of t.he 

Dl~~tronie~ induetry AO regard to the proc@&Billg p~opcr~ 



ti~~ Wild the properties of the moulding .are met by the 

@poxy re~in moulding nateri~l Recording to th@ invention 

(@f. ~ahl0 9). The moulding material Nitto BC 10/2 used 

worldwid~ ~~rved for comparison. Thi9 moulding :material 

5 i~ a phmJ1olically curable c:t"0sol novelac @poxy resin 

moulding material which contains 70 lki of quart:i!!: splinters 

a~ a filler and is rendered flm:rl\e=rtitmrdant with tetra~ 

bromobisph0nol A epoxy resin and W1ti:mony trioxide as a 

~ynergi~tic agent. 

10 Owing to their envirol!mlent=fri~dly properties, 

th@ ~poxy resin mouldings &ceording to the invention ~lso 
me@t furth~r important roquiremem,t~ of the ~lectronic~ 

indu~try for future use. This applieo in particular to 

the ouitability of the moulding~ for cw.viromnent~fri~ndly 

15 ra~ycling and m:lviromcm>.tally ~miipatibl@· disposal by 

ineinerat.ions The environmental compatibility of the 

~poxy reBin mouldings which are fl~-retar&mt without 

halog0n, which compatibility i~ improved compa~ed with 

the prior art, is da&onstrated by the fact that "' in 

20 contrast to epoxy resin lll!&OUldingn containing brominated 
f lmmieproof ing agents and antiB<m.y trioxid6 ~ no highly 

eorro~iv8 gaBeous cloavage product~ 01d no decomposition 

products having a high toxicological and ecological 

ha~m.rd potential are for.med during the combustion. :In the 

25 eombu~tion, for e::ample according to DIN m@thod 53436, 

th~ only e~ustion p~oducts found are tho8~ which also 
occur in tho·eaoe of natural produeto, ouch as wool, wood 
and coal ... Thilll ensures that, in the event of a fault, 

~ueh aB a fire or smouldering, there is no e~vironmental 
30 pollution over 1md W:>ove the no~l cm.s0 tmd t.he pro~ 

~@dur@ for no:r.mal domestic waste ~an be adopted for the 

dispo6al by incineration. 

Thft suit&bility of th0 mouldingo produced from 

th~ epoxy r0sin moulding ~terial according to the 

JS invc:mtion for recycling is of particular importwmce for 
th~ @le~tronics induot:ry beeau~e conoiderable amounts of 

~poxy ~~Bin ~ulding ar~ forned a~ W&st~ in th0 coating 
of component~ by the trmo.Bf0r moulding proc~se. ~n 
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~u:idi tion, it is in.tended in the future to rocycl~ the 

~poxy re~in mouldingo from the @leetroniee ~crap after 

th@ :m~talfij have been separated off. The ~po:xy resin 

m.eulding~ offer good preconditions for recycling because, 

5 on the one hillld, they can be subjected to high mechanical 

and th~~l stress and have excel:U.~nt chmdeal re~iBt.Wilce 

tci aggr~s~i ve ehemimiJ!.s and, on th0 oth@r hand, in 

eom:pari1Bon with the prior art, they ~@t f.'m ~ortant 

r@quir~ent, namely enviro!mhm:lt=fri0ndly material 

10 prop~rti@8 .. 

For the recycling of mmterial wastes in transfer 

moulding, uBe as a fill er iB 0specially r@leva.nt.. The 

tet:1!mically high~qu.ality fillero ierm. be \UH~d in el0c~ 

tronies ·and in electrical engineering genfirally and for 

15 other technologieo; for ex~le vehicle technology, and 

the t.he~lastic and the~oetting plastic :materials 

re~irfid for this purpose. However, they are also guit~ 

&bl@ for-re~use for the coating of electronic cmnpon011ts; 

for thi~ purpose, the material wa~tes are milled to tho 

20 r~quired particle si~e. The epoxy resinaoulding material 

according to the invtm.t.ion thus provides an enviro1·u11u:mt~ 

friendly covering and coating m&terial which i~ suitable 

for the electronic~ industry, i~ fla:m.e~retardant without 

halog~n and represents substantial progres~ with regard 

25 to th0 ~~io~io of toclmology W>.d enviro~nt in com~ 

parison with the prior art. 

bbodi:ment.s of the inve:@tio:@ will now be more 

partieula~ly deserihed by way of exWl!1ple. 

l!!:xample 1 

30 Preparation of a prepolymeric 0pcxy re~in mixture 

255 g of bisphenel A epoxy reoin (epoxide value: 

5.78 mol/kg), 16.5 g of a ~ilicone ~poxidft (epoxide 

valu@: 1.9 mol/kg), prepared according to ~ple S of 

Europ0wi OffenlDgungsschrift 0,399,199, 82.5 g of tetra~ 

35 glycidyldiaminodiphenylmethane (~poxid@ value: 

8 .2 :mol/kg) and 90 g of lW i&mi!ler mixturell of diiso~ 

tiyanatodiphenyhlet.hu.ne (isocyanate valuf.ll: 7. 9 ~ol/kg) are 

introdue~d into ~ mixing cont&iner, thtm. h@~ted to eo 0 c 



~nd mix@d whilft &tirri:ug l'll1d devolatilioed. Thereafter, 

724.5 g of ~pherical quartz, 310.5 g of quartz ~plinters 

and 1.5 g o:f carbon black are ~dded in port.io1u11 to the 

mixture while stirring, and devolatil.isation is then 

5 carried out for l h at 80°C while stirring. 5.55 g of 

l~eym:>.oetbyl~2-phenylimidazole are met~red into the 

r~~u::tion resin mixture, and devolatiliBation is t:Jb.en 

carried out for 15 min while stirring. 'l'her~after, the 

tM!Dperat~re of the mixing container io adjuated to 180°C 

10 ruid the rftaetion re~in mixture is rea@t@d while ~tirring. 

Th@ courQ@ of the reaction i8 continuou~ly monitored by 

tM!lpera turt'I :mea.surmn«m. t.. The rcH1ei t.ion is t.crmina t.ed 4 

minute~ after reaching tho reaction tmlflPoraturo of 130°C 

i~ the :rosin mixture. For thiu purpose, the mi::1d.ng 

15 ~ontainer ia rapidly eooled by m@ans of a cooling 

thorm.oot.at and the resin mixture illjj brought to a temp~ra~ 

turc below 50 °C .. At this tiao, no furthex- free isoey~ato 

group~ arc preoent, wa.d 40 % of the ~oxy groupiD used 

have been converted. The :malt which ~olidifie~ on cooling 

20 i~ c:martu-~ly cmmminuted ·by the eti:n:ur of the mixing 

container. Thio :ml1lteri11l ie them milled at roam tempera~ 

ture by moan& of Wl impact mill to a particle si~e of 

< 200 µ:trJJ.. Th@ r0sulting free~flowing prepolym@rie opoxy 

r~~in l!d.xtur@ l having latent reactivity (epoxide value: 

25 0.85 :mel/kg; melting range: 75 to 95°C) i& stored at room 

t~eratur~ in the absence of moi~ture. 

Exampl~ 2 

Prepar~tion of a phenol resin mixtur0 

900 g of cresol novelae re~in and 30 g of carbon 

30 black ar0 introdueod into a mixing eontaililer, and thft two 

c:mmponent~ are heated to 1E;G°C while stirring. 

D@volatilisation is then carri@d out for l.5 h with 

further ~tirring. Thereafter, 1450 g of spherical quart~ 

wid 620 g cf quartz splintero are mixed in portion~ into 

JS th@ phenol resin aixtur@ which i~ at l60°C. 

D~voliltilisation is then carried out again for l. 5 h 

wbilQ stirring. The melt which ~olidifiofi on cooling i~ 

~ollroely @ommi:nuted by the ~tirrE!r. '!'his material i~ then 



:milled at room tempornturG by :l!!!l@&n~ of W'l impact mill to 

~ parti~l~ ~i~e of < 200 µm. The r~sulting frea=flowing 

phcw.ol reBin mixture 2 (OB value: 2.35 mol/kg) i~ stored 

~t room tm'l!l.pe~ature in the abstmce of moi~tur@. 

5 bii:l.~le 3 

Pr@paratioD of a phenolically curabl@ epoxy resin 

:moulding material 

1000 g of the free=flowing prepolymeric epoxy 

re~in mixtur@ am:mrding to Xxmapl@ l and 282 g of the 

l@ fr8@=flowing phenol reoin ~xture according to Excmrple 2 

ar~ thoroughly mixed at room temperature in a frugt:mxri 

mix~r with a h~lical ~tirrere Th@ resulting fre@~flowing, 

pll:umolically curable epoxy reoin llWUlding ma~erial 3 

{@poxid0 value: 0.62 aol/kg1 vi~cogity: 105 Pa.~ at 

15 162®C; Bpiral flow :n.~ngth: 67 ~ at. 175°C) which has 

latent reactivity and iB rowier@d :flmae~retardant i11 

~t.ored at roam tm1perature in the ~sonce of moisture. 

:lx~lefJ 4 to ll 

Further prepol~ric epoxy resin· ~xt.ureo are 

20 pr~pared similarly to Bxanple 19 The particular c~o~i­

tion of tho react.ion mxture9 which ijerve for the 

preparation of the epoxy resin :mixture~ 4 to 11 are shown 

in TW>le l.m. (data in parto by weight) .. 'l'W>le lb DhowtJ t.he 

epoxide value and the melting ram.ge in each c1un~.. a1:11 

25 @haract.eri~ticB of the prepolymeric epoxy resin mixture~ 

(4 to l.l.). 

Ex~le~ 12 to 17 

Further phenol reein mixture~ are prepared 

~imilarly t.o Example 2 .. The particular ~oq>o!!!Ji tion of the 

30 ph~nol resin mixture~ 12 to 17 iB sh~ in TAhle 2 (data 

in p~~t~ by weight). 

~x~les 19 to 29 

hrt.he:r pbenolically curable @poxy resin moulding 

material~ are prepared Bimilarly t.o Bxm!!tple 3. Th@ 

35 particul~r ~on.position of th~ epoxy resin moulding 
~teri~l~ 18 to 29 is shown in Tl:Wl@ 3. 

The epoxide VGlue (BP v&lue) ~d the vi8coeity a~ 

m function of the ~torage ti:m@ ~r~ ghmm, in ~~ch ~aoe in 



5 

Tabl~ 4 for the prepolym.eric 0po:Xy r@sin mixture l iW.d 

for th@ phenolieally eurU>le epoxy re~in moulding 

~teriallj 3 and 19. 

Table 5 show~ th~ ef f0~t of type and eoncentra~ 

t.ion of rfHiction acmelera tor on the vi~COBit.y f o:r the 

ph@nolimtlly cu.rah le epoxy re9in :moulding material 19. 

Th@ st&t~d times taken for the initi&l visemdty (at 

l75®C) to increase tenfold illu~t:rate tho rang0 of 

variation with regard to imparting latent r0activity to 

10 th~ 0poxy resin moulding ma.terial~ am:mrding t.o the 

invcm.t.ion. 

Table 6 shows the ftffect of th~ molar ratio of 

phenoli~ hydroxyl groups to epoxy g~oup~ (OU:XP) on the 

vioeo~ity for the phenoliaally curable epoxy resin 

15 moulding materials 3, 19, 20 ~d .2le AB ljhown by the 

~tated tim~o takmi for t~e initial viBcosity (at 175°C) 

to inereaoe tenfold, thfi latent reactivity of the 8poxy 

r~oin moulding materials cwi be varied via the molar 

rmtio OH:EPe 

20 Tabl0 7 B~rise~ the cmidition~ (temperature, 

ti•~) in th@ curing or post-curing of th@ @poxy reBin 

:moulding matorials 3, 18, 19, 22, 24, 25, 26, 28 and 29 

~d the glaoe trw:l~ition t~eratureB of the 

corre~ponding moulding~. 

~n ~ddition to th~ ~uring eonditions, the 

c;o@:ffioiflnt of linear thermal mr.pa.nsion foe) and the 
:modulu!!ii of elasticity (E') w.r~ l&hmm. in Table 8 a11 

fu:t>ther ex~les of the mechanim~.l/thermal properties for 

th~ moulding~ produced from the epoxy rtut:in moulding 

30 mo.t.e~ial111 3, 18,. 19, 22, 25,. 26, 28 m1d 29. 

'Tahl~ 9 c~p1u·tu• flrm&G~retardant EP :mouldings 

which were produ~ed from a c~er@io.l·maulding material 

or from an epoxy re~in moulding JilW.torial according to the 

inv~lltion, in each case by trmiBfer Doulding. The pro= 

~5 e@~~ing conditions of the moulding ~t~~ial~ Qre sh~ on 

th~ one hAnd ruid tho properti~~ of th~ corrosponding 

moulding~ on the ot.h~r hand. Th~ C!~ercial moulding 

mat@rial i~ moreover rendered flWl!m=r~tarda.nt by adding 



bromin~t~d flimi.eproofing agent~ and mltimony trioxide, 

whil~ th@ @poxy resin mouldi~g :mat~rial 27 according to 

th@ invention is fla.e=retardw.lt without halogen. 

Ex~ple 30 

5 Pr@p~ration of a prepol~eric epoxy r~sin mixture 

Fer the p:reparation of a resin eompo:ttumt, 2. 55 kg 

of biophenol A epoxy resin (epoxide value: 5.78 mol/kg), 

0.155 kg of a silicone epoxidft {epoxid@ value: 

l.~ l!!IIDl/kg), prepared ac~ording to ExD~pl® 9 of European 

10 Offenle~gs~chrift 0,399,199, 0.81 kg of tetraglycidyl~ 

di~inodipb0nyll.11u!tthane (epexide valu~: 8 .2 :mol/kg) i.md 

Oel85 kg of an isomer mixture of dii~ocymiatodiph~nyl~ 

:m@thWl@ (i#JOCYmlAtQ value: 1. 9 ~l/kg) are illt.rod:ueed 

int.o 11 the:aaostatablo w:id evacuahle mixing container 

15. (@ffe~tiv~ capacity: 20 l}; the mixture is then heated to 

GO®C while stirring. Th~reafter, 6.195 kg of spherical 

quart~, 2e655 kg of quart~ splinters, Oe075 kg of 

polyethylcm.e wax and 0 .. 135 kg of carbon black are added 

in portiono to the mixture while otirring .. "rho mixture is 

20 then d~volatili~ed at 60°C for 1 hour while ~tirring .. For 

the preparation of ml a~celerator co.mponcmt, l.05 kg of 

~pherical q@.art~, 0.45 kg of quartz splinters. 0.015 kg 

cf carbon black &nd 55.5 g of l~cym.toethyl-2~phenylimida~ 

~ol@ ar@ homogeneously mixed .. ne rtHdn component and the 

25 accelerator component are shi&ultml~ously metered into a 

twin~Bcrew ftxtruder, the resin cc:mrponont by zeam.s of a 
p~rir;tal tic punp at a contin:u.ou.e ~muu1 fJ!.ow x-ate of 

O. 042 kg/mi1~ . ..:mnd the accelerator emmipcnent by means of a 

twin=ser~w metering apparatu~ (na~s flow rate: 5 g/:min). 

3 O Th~ f!Jerow~ of the extruder ar0 cmmposed of conveying 

elm!llQ:tit.s, ;md three conv~ying kneading bloek11.. each 2 8 lli1'.m 

long, ar~ mom:lted :Uumediately aftor the ffted ~ono, fo~ 

homogen0ou~ mixing of the r~sin component and of the 

ac<.ml~r11tor tmmpo11uwt. The ,.crew length its 880 >lmll aw.d the 

3~ out~r s~r0w dia.eter i~ 31.8 mm; tho five barrel zones of 

th0 extruder are adju~ted to th@ following temperature: 

~on@ l (mixing ~one): 81°C, zon~ 2: llO®C, ~on@ 3: 177°C, 



~en~ 4: l76°C, zone 5: 180°C. The ~erew npeed is 

20 min-1 , r~sulting in a m@lt r~sidftnee time i~ the twin~ 

~cr~w extruder of 2.5 min. 

The extrudate dioeharged tl1rough a double slot 

5 di@ (cress~~ection: 2 mm x 20 mm. each) i~ gu.id@d along a 

cooled olide rail, cooled to 43°C and ecmminuted on a 

co~eeted elastic take=off belt by a eounter~roller. The 

pr@e~nuted extrudate is :milled to the desirod particle 

~i~e by m~ang of an ~act mill. The r@sul ting frc;H~~ 

10 flowing, eura.ble prepolyaerie epoxy resin mixture 

30 h~ving latent reactivity (epoxido valu~: 0.84 mol/kg1 

melting range: 75 to 95°C) is otor~d mt roOll!I. temperature 

in the abocm.ee of moisture. 

Ex~le 31 

15 Prep~r~tion of a prepolYJ!!P.erie ~poxy re~in mixture 

1· filler-containing :reaction resi~ mixture is 

prepared similarly to Bxuriple 1. 5.55 g of l~cywioethyl~ 

2~phenyl:Ud.dazole are metered into thi~ reaction resin 

mixture, and devolatilisaticm is then carried out for 

20 10 min while stirring. Thereafter, th0 :reaction resin 

mixture i~ reacted by heating the mixing container to 

160°C with further stirring; the cour~e of the reaction 

io continuously monitored by temperature measurm1Wlt. The 

reaction is terminated l min after ~olidification of the 

25 re~ction re~in mixture, by cooling the mixing cont~iner 

with a cooling thermostat. The temp~rature of the reac~ 

tion refjin mixture is brought to below S0°C, with further 

~ti:rring. Ae a result of the continuou~ ~tirring, the 

in~oluble reaction product which is free of i~ocyanate 

30 group~ and has ioocy~urate structure~ is obtained as a 

fre~= flowing powder having a long ohelf life. This 

:rea@tion r@ain powder is fed to a twin~Bcrew extruder via 

a vibrating trough at a con'tilluous mass flow rate of 

3!0 g/mn. The screw length is eeo mllll W1d the outer ~crew.· 

JS di~eter is 31. 8 mm; the five barrel zo:11u1~0 of the 

extruder are heated to 16o~c. The screw speed is 

90 :min-1 • r~oulting in a melt: residence time in t.he 

~xtruder of 1.5 min. 



The extrudate is diuehargcd through a double Blot 
die (eros~~noetion: 2 lilmL x 20 Jmflf. each), cooled to 45®C by 

dir@ct contact with a cooled glid@ rail Wld comminutod on 

~ @e:tm.ect~d elastic take~off belt by ~ eo1mt~r=roller. 

S Th~ l!M.t.~ri~l is the». milled to ~ particlfll size of 
~ 2~0 µ:m by :m0ano of ~ impact mill. The r~oulting free~ 

flowing, curable prepolymeric epoxy rosin mixture 

31 having latent reactivity (epoxide valuo: 0.86· mol/kg; 
m~lting r~ge: 75 to 95°C) is ~tored at room tm1.perature 

10 in th@ abse~ce of moisture. 

Ex~le 32 
Pr~paration of a phenolically curabl@ @poxy r0Bin 

moulding material 

A phenolically curable epoxy resin moulding 
JLS material 32 is prepared similarly to Example 3, the 

t10llilpO.flli tion of said mould.mg ~terial b@ing Bhown in 

TWbl~ 3 .. 

The conditions during the curing or post~euring 

of the ftpoxy resin aoulding material 32 and the gla~~ 

20 tr~~ition temperature of the corresponding :moulding are 
s~ in Table 7, 1md Table 8 shows the eoeffieieDt of 

lineAr thermal expan&ion &nd the :modulu~ of ~lastieity, 

in addition to the curing eonditic:mse 
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Exwmple 1 4 5 6 1 8 g 10 11 

~~"'"'"-"'..:..:...=::.:.~---.,. 

Bi~phenol A epoxy resin 17.0 15.l 13.0 15.8 15.3 16.4 15.6 r1 .s 16.8 

Silicone epoxy reoin 1.1 0.4 0.8 0.5 O.l 2.1 0.4 - 1.0 

Tetraglycidyldiamino-

diph.enylmethane 5.5 = 4.5 - 5.0 S.3 5.1 5. "I 5.4 

Cresol novolac epoxy resin - 8.7 3.7 

Triglycidyl isocyanurate - = = 2.5 

Diglyeidyl phenyl phosphonate = = = 1.4 - - N 

Isomeric mixture of diphenyl= 
cc 

methane diioo~yanate &.O 5.4 4.1 6.5 5.4 5.8 S.5 fL2 5.9 

1=Cy~noethyl=2=phenyl-

inidazole 0.31 0.36 0.21 - 0.33 0.3 0.36 0.3 ~.37 

2-Phenylimid&~olo = = - 0.21 

Spheric&! quartz 48.l 48.3 49.7 S@.4 50.4 69.l 50.4 69.3 

Quart~ oplinters 20.7 20.1 ·22.3 21.' 21.6 - 21.6 

Alumin& = = = = - = - - 69.0 

Carbon black 1.0 1.0 1.0 l.O 1.0 1.0 1.0 1.0 1.0 

Glycerol monostearate - = = - 0.9 



To.ble lb 

Bx~ple Xpoxide value Melting range 
mol. kgw 1 cc 

~~,..--~=-~=~~ 

1 0.86 75 to 95 

4 0.'13 82 to 98 

5 0.93 '11 to 93 

G 0.85 76 to 94 

1 0.72 81 to 95 NJ 
w 

8 0.88 74 to 89 n 

9 0.11 19 to 94 

10 0.85 11 to 92 

11 0.9·4 71 to 85 



,. 

Table 2 

Example 2 12 13 14 15 16 17 

~ 

Phenol novolac resin - 30.0 '1.5 

Crenol novolac resin 30.0 = 22.5 7.2 27.0 12.5 30.0 

oec.=butyl-bio(3=hydroxy= 

propyl)-pho9phine oxide = - - - - 17.5 

silicone-modified 

phenol re;udn '"') - - .. 22.1 w 

Spherica.l qun.rtz 48.3 48.3 48.3 48.3 50.4 40.3 ~ 

Qua.rt~ splinters 20.7 20.7 20.7 20.7 .21.6 20.7 

Alumina. = - = = = = 59.0 

Carbon black 1.0 l.O 1.0 l.O 1.0 1.0 1.0 

0
) PrepolYliJ!l.er of alkylphenol novol&c rooin and silicone ela&tomer 
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Table J 

Bx.ample Prepolymeric Phenol resin mixture Mola.r ratio 

epoxy reoin mixture 
No. Parts by weight No .. Parts by weight EP:OH 

3 1 78 2 22 1:0.8 

18 5 72 15 28 1:1 

19 1 74 2 26 1:1 

20 1 81 2 19 1:0.6 

21 1 86 2 14 1:0.4 w 

22 e 74 2 26 1:1 
id 

23 1 75 15 25 1:1 

24 9 75 15 25 1: :n. 
25 ·10 14 2 26 1:1 

26 4 78 2 22 1:0.1 

27 1 73 2 27 1:1 

26 1 73 14 21 1:1 

29 :u. 78 1 "I 22 1:0.8 

32 30 78 2 22 1:0.0 



,, 

Ttllble 4 

Epoxy re~in mixture 1 J:pozy resin llpoxy r@oin 
moulding m&terial 3 moulding ~terial 19 

Storage time EP value viscosity E» value viscosity BP value viscosity 
in montho*) mol. kg-1 Pa..s I °C l k ~l mo • g Pa.s I °C mol. kg~ 1 Pa.s I ®C 

- .....,,= 

0 0.86 95 I 168 0.62 ios I 164 0.61 i2:s I 161 
0.5 0.83 95 I 168 0.65 110 I 161 0.62 140 I 160 
1 0.82 95 I 1ss 0.64 go I 169 0.61 110 I 164 
2 0.85 ioo I 165 0.63 110 I 168 0.62 ioo I 166 

w 
3 0.83 gs I 167 0.63 ios I 168 

. 
O.Sl 10s I 165 M 

4 0.84 100 I 165 0.64 ioo I :n.sg 0.60 120 I 167 
5 0.85 95 I 168 0.62 115 I :urn 0.61 i20 I 161 
6 0.85 95 I 168 0.62 110 I 169 0.62 120 I 168 

0
) At room temperature and in tho absence of moisture 



Table 5 

Reaction accelerator 

2-Phenylimidazole 

2=Phenylimidazole 

2-Bthyl-4-methylimida~ole 

1-Cyanoethyl-2-phenylimidazole 
l=Cyanoethyl-2-phenylimidazole 

1-Cyanoethyl=2-phenylimidazole 

1-Cyanoethy1=2=phenylimidazole 

Contonto,,,.) 

' 
~""Qll...-, 

0.7 

0.9 

0.1 

0.8 

1.0 

l.25 

1.5 

,,,.~ Based on the filler=free reaction resin mixture 

ccmp~isinv polyepoxy resin and polyia~cyanate resin 

Time taken to increase to 

10 timeo initial viscosity 

at 175®C in s 

109 

85 

103 

99 

69 

54 

46 

w 
w 



Table 6 

llpoxy :re~in 

Doulding :materi&l 
No. 

3 

1.9 

20 

21 

Molar ratio 

OB : BP 

···=·--· -

0. 8 : l 

1. 0 : 1 

0 .6 : l 

0.4 : l 

Time· taken to increase to 
10 times initial viocord.ty 

175°C in !Iii at 

~-~ 

59 

68 

47 

40 
w 
~ 

.. . 
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Ta:bl@ '1 

llpoxy relflin Curing Poot~cm.:ring Gl&ss tranoition t~erature·~ 

moulding mat~rial @c I :min @C I min oc 
No. 

.::..~---=-"~~"~1~--~=-~==-~=-

3 190 I l 190 I 240 161 

3 100 I 2 190 I 240 157 

3 110 I 3 175 I 480 158 

18 11s I 1.s 190 I 240 160 

19 190 I 1 iso I 240 156 

22 100 I 2 190 I 240 161 w 
Ufi 

22 170 I l 110 I 2-to 155 

24 11s I 1 220 I 240 164 

~5 100 I 2 200 I :240 154 

26 11s I 1 190 I 240 156 

28 1so I 3 190 I 240 153 

29 11s I i.s 1so I 240 158 

32 185 I l,.s 190 I 240 154 

@) 'l'MA (thernnomechanioal analysi~) 
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Table 8 

:lpoxy re1&in Curing Post.-curing a 1~ 
:l\. 

a 2» 
2 Modulull.of 

moulding materi~l Ela.s tici ty3 ~ 

in N .lml!IJ.-2 

No. •c I min •c I min 10·' .IC1 10~ 6 .x-1 so•c. l00°C 

"-=--~~~,-=----===----==--------==-==-

3 190 I l 190 I 2to 20 74 10840 10360 

3 110 I J 175 I 480 18 71 11100 10570 

18 175 I 1.s 190 I 240 18 61 10500 9700 

19 UH> I 1 190 I 240 19 75 11230 10640 Q 

:u 110 I 2 190 I 240 19 68 10300 9800 w 
@'! 

22 170 I 3 100 I 240 20 71 10100 9300 0 

25 1eo I 2 200 I 240 18 71 11360 10110 

26 115 I 1 190 I 2to 19 72 10340 9840 

28 190 I 3 190 I 240 19 '19 1200 6600 

29 175 I i.s 190 I 240 21 100 9800 8910 

32 1es I l.S 190 I 240 19 75 10950 10420 

1 > mean value in the temperature range so to urn°c 
2 > mean value in the temperature range 200 to 250°C 
l) DMA (dynamic mechanical analysis), 1 Kz 



Tabl@ 9 

·~==~--,=-· ""-~--

Curing (in the mould) 

Pont=euring (in the ov@n) 

Combustion behaviour 

Glass transition 
temperature1) 

Coefficient of expansion 

a 1 : so to 1oo•c 
a 2 : 200 to 2so 0 c 

Meduluo of ela~ticity2 ' 
at 50°C 

1oc•c 
200°c 

Glaos transition 
temperature 

De~omposition temperature3) 

1> "l'MA, S X/min 

°C I min 
•c I min 
UL 94 I mm 

oc 

10-6 .x-1 

io-5 .x-1 

H.mmt2 

N.nmt2 

N.D"S·2 

N.-02 

2> DMA, tensile stress, SX/min, l Hz 

Moulding material Rpcxy re~in 

(eomm.eroial) moulding material 27 

""-=--~---=====----~--:--=-~-=--~...,~~-~~-= 

110~190 I 1-3 170=190 I 1=3 

175-190 I 240=360 i1s-22s I 120=480 

v-o I 1.6' v-o I l.6 

165=166 156-161 

10~20 18-20 

63=66 69=73 

11500-11600 10800-11700 

10400-10500 10100=11100 

2400-2700 660-860 

8500=8800 8600-9400 

•c 355-357368-374 

3 > TGA, 2 It/min, 5 % ma.us loss (N2 ) (TGA • thermogravimetric a.nalyeio) 

.... 'a} ~ 

w 
...:J 
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GR 92 P 3381 P 

Pat.ont Clrd•iti 

l. P:ro@e9s for the preparation of & fl~~retardant, 

fr@@~ flowing phenolically cm.rW>l~ epoxy re~in moulding 

mD.terial having latent :reactivity for co&ting electronic 
5 co~onent~, charaeteri~ed in that a prepolymeric epoxy 

r@~in mix-ture free of isocyanat~ groupll!I cw.d h&ving lat.ent 
r~iletivit:y i~ prepared in powd@r foxm. from a filler~ 

containing thermallypolyaerisablQ r~aetion reginmixture 

of polyQpoxy resin, e~rioing u. mixture of di= and 

10 polyfunct.ional ~poxy resin11, and pelyisocyw:iate resin 

hll!.ving a molar ratio of epoxide groupfS to i~ocywa.ate 

group~ of > l ~ using uubntitutod :bdda~ole a~ ~ roaction 

accelerator in a concentration of 0.5 to 2.5 ' based on 
the polyepoxy resin ~ at reaction temperatures up to 

15_ 200®C, Wld that the epoxy rG~in m.ixtur~ i~ mixed with a 

pulverulcw.t, fillcr~containing phenol re~in mixture in a 
:molar ratio of epoxy groupg to phenolic hydroxyl groups 

of l:: 0 .. 4 t.o l: 1.1, optionally with the addition of 
add.i t..i VO~.. -

2 0 2 .. Proeftl!Ui according to Claim 1,. eharaeteri~ed in 
that the opoxy resin UEHtd is a. bisph.fW.oJl. A or hiophenol :r 
epoxy resin, a phenol novolae or ercH1ol novolae epoxy 
re~~, t:riglycidyl isocyanur&t.e, tetraglycidyldium.ino~. 

dipll:uimylmet.h~e, a polyglycidylphospho:ru~ r~fjin er a 
25 ~ili~one epoxy resin of the general fo:D!m.la 

where the following is applie~le: 

n i~ iW integer from O to 25, 

x i~ ~ int0ger from 0 to 3, 

R 25 alkyl or aeyl 01d 

30 Q ~ ~(CH2 ) 3SiR20(SiR20)nSiR2R', 
in whi~h n and R havft tho W:>ovo=montioned ~eaning 
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and R." is ml epoxy functional radical having 6 

carbon at.oms. 

3 0 ProcH:uuJ according to Claim 2, characterised in 

that the content of· silicone epoxy r0~in i~ up to 20 ~, 

5 pr~f@rably l to 7 \, based on th0 filler=free reaction 

r0~in :mixture cm11.prising polyepoxy resin i:W.d poly­

i~ocymla tc resin. 

4 • Proc«uu~ according to any of Claim~ l to 3, 

chara~teri8ed in that, in th~ epoxy resin l!!dxture, the 

10 11molar ratio of polyfunctional to difunetional epoxy regin 

i~ 0.2 to 0.75, based on tho epoxy groups. 

Se Pro@e~s acaording to on0 or :mar~ of Cla~ l to 

4, ~haracterised in th.at an i111amer mxture of 

dii~ocym1atodiphenylmethane or of toluylcw.e dii8ocyanate 

15. or A p:r@polymer of an ismner mixture of diisocymmto­

diphonyb!lethane i9 u~0d as the polyiBocywiate resin. 

Ge Proc~s~ according to one or moro of ClailMI l to 

S, characteriBed in that, in the r@aetion reein mixture, 

th@ :molar ratio of epoxy group~ to ifioey~ate groupB is 

20 1.5:1 to 4:1. 

1. Pro@en~ ac@ording to one or more of Cla:bl~ 1 to 

G, characterised in that 2~ethyl~4-•othylimida~ole, 

2~phenylimidazolo ox l~cymioethyl~2~phenylimidazol0 is 

u~ed ao the re~ction accelerate~. 

25 8. 

7, @haracteri~ed in that the Cmltent of ro~etion aeeele~ 

rator i~ 1.0 to 1.8 ,, ba~od on polyepoxy roHin. 

9. Proc~so aecordiDg to on@ or more of Claims l to 
I, charact~ri~od in that phcm.ol or cresol novolacB or 

30 l!!!ll.ixturQs th~reof are used as th0 phenol rosin. 

lOo Proee~~ ~ecording to ono or more of Claims l to 
9, charact@ri~ed in that the phenol resin mixture con~ 

t~ins a r~action accelerator, th@ eont~nt of the r~aetion 
~ce~l~rator being 0.5 to 1.5 ,, preferably 0.8 to 1.2 %, 

35 ba~ed on the filler~free phenol r~oin mixture. 

11. Proce~B according to one or .ore of Clai.mg l to 
lOH eharacteri~~d in that mineral fillGr~, such ao 
Q-Uart.~.,. ruld/or ce:r~c fill«l!rtB, euch &Iii alumina, are 
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um~d. 

12. Proceos according to one or more of Claims l to 

11, eharaet@riged in that t~e molar ratio of epoxy groups 

to ph~nolic hydroxyl group~ in the eurabl@ epoxy resin 

5 moulding DD.t~rial is 1:0.6 to l:l. 


